Abstract Based on literature data, the percentage contribution of road traffic to concentrations of particulate matter (PM) and PM-bound elements, separately for PM2.5-10 and PM10-100 fractions were assessed. The data on the PM2.5-10 and PM10-100 concentrations examined simultaneously at two locations (the 1 st outside the direct impact of the road emission; the 2 nd next to a crossroads or highway) were used in the analysis. There were clear differences in the concentrations of PM and its components between these locations (a crossroads vs. background; highway vs. background). Both PM concentrations and concentrations of the majority of the PM2.5-10-and PM10-100-bound elements had higher values in the traffic site. The percentage increase of PM concentrations was in the range from 25 (PM2.5-10; highway) to 606% (PM10-100; crossroads). The highest percentage increase in the concentration of elements was noted at the crossroads, where concentrations of PM10-100-bound Si, Sc, Fe and Pb were 12, 22, 25 and 71 times higher than at the urban background site, respectively. The measurable results of this paper are elemental profiles of two coarse fractions of PM in the vicinity of the road and crossroads and at sites far apart from the big road traffic sources. The collected information can be an important source of knowledge in identifying the origin of PM in the receptor.
Introduction
It is not entirely clear whether and in what way the occurence of various elements in particulate matter (PM) affects its toxic properties. They are dependent not only on the quantity of a certain element or group of elements, but also among other things on: the size of particles with which elements are associated, the content of PM other toxic compounds, the reaction of atmospheric aerosol, as well as from other environmental factors to which the studied population is subjected.
The, so called heavy metals associated with dust are unequivocally considered to be deletrimental to health [1] [2] [3] [4] . This is one of the reasons why As, Cd, Co, Cr, Mn, Ni, Pb and V, Fe, Cu, Zn, Ba are the most examined group of components of the PM. Concentrations not only of PM, but also elements associated with PM are very much dependent on location. The proximity of significant emissions sources can have a decisive effect on the concentration of the whole group of metals or a few, or even only one of them. Therefore, an analysis of the chemical composition provides interesting data, not only for the assessment of the impact of PM on human health and the environment, but also for the identification of PM sources. It also facilitates understanding of the temporal and spatial variability of the source-receptor relationship and the effectiveness of strategies of emission reduction. One of the significant sources of metals in the air are vehicles. Crude oil, even before the refining process, contains small amounts of trace elements, which is causing these elements to usually occur in the fine PM emitted from its combustion (PM2.5) [5, 6] . Metal compounds are also observed in the coarse particles fraction (PM2.5-10, and also in particles with an aerodynamic diameter exceeding 10 µm) originating from non-exhaust traffic emissions, arising from, among others: the corrosion of cars elements, the wear of brake discs and blocks, and the abrasion of clutch plates, tires and road surfaces [7] [8] [9] [10] . The precious metal compounds produced during the exploitation of catalytic converters supply both fine and coarse PM [11] .
Traffic emissions are one of the main sources of emissions of metals and other trace elements into the air in urban areas where high emission is not related to industry or energy. Due to the above, concentrations of PM-related elements are often monitored at locations exposed to the direct impact of non-exhaust traffic emissions [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] [17] [18] . So far in Poland, research into PM and PM characteristics in the vicinity of roads and crossroads have been studied mainly in the area of Upper Silesia [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
The aim of the study was the assessment of the impact of road traffic on the concentrations of selected elements associated with two fractions of coarse particles suspended at the highway in Katowice and at the crossroads in Zabrze. The analysis was based on selected available data from Upper Silesia (Poland) published in [24] [25] [26] [27] . In addition, an analyses of the percentage of elements in PM mass and the contribution of road traffic emissions to PM and PM-bound elements concentrations were assessed.
Experimental
Data on the concentrations of coarse particles: PM2.5-10, PM10-100 and PM2.5-10-and PM10-100-bound elements were taken from four publications in which the mass size distribution of PM and PM-bound species in different points of Upper Silesia were shown and described [24] [25] [26] [27] . The data on the PM2.5-10 and particles with an aerodynamic diameter >10 µm was examined simultaneusly in the two pairs of locations that were used ( Table 1) .
One of the measurement sites was located outside the direct impact of road traffic emission (the so-called urban site); the other was located at a crossroads and at a highway (traffic site). The locations of both pairs are described in detail in the source papers [24] [25] [26] [27] . The above-mentioned works also describe in detail the methodology for the measuring of PM concentrations in the atmospheric air, the parameters and equipment used in PM measurements and chemical analysis. The data used relates to two periods: spring-summer and summer-autumn; in other words, periods in which a significant local emission of PM and its compounds from individual house heating in the region, is relatively small [4, 21, 22, 29] .
Based on the average values of concentrations at four different measurement sites (two pairs of measurement locations: HWK -highway in Katowice vs. UBK -urban backgroud site in Katowice and CRZ -crossroads in Zabrze vs. UBZ -urban backgroud site in Zabrze), the so-called contribution (percentage) of non-exhaust traffic emission (or road traffic) to concentrations of dust and its components, separately for PM2.5-10 and PM10-100 was calculated. Table 1 . Data on means in the periods of measurement ambient concentrations of PM2.5-10, PM10-100 (µg/m 3 ) and PM-bound elements (ng/m 3 ) taken from [24] [25] [26] [27] .
*HWK UBK CRZ UBZ PM10-100 PM2.5-10 PM10-100 PM2.5-10 PM10-100 PM2.5-10 PM10-100 PM2. Contribution (percentage) of non-exhaust traffic emission ∆Cpfi to concentration of i-th pollution associated with the dust fraction f at the measurement site p is the ratio of the difference between the concentration of this contaminant at this site (Cpfi) and in the background (Tfi) to the background concentration:
This value illustrates that the percentage in relation to the "background concentration" can increase values of concentration in sites where non-exhaust traffic emission has a visible effect.
Results and discussion
The compiliation of contributions of non-exhaust traffic emission (%) to concentrations of dust and its components, separately for PM2.5-10 and PM10-100 was calculated on the basis of data collected in Table 1 is presented in Table 2 . Comparing the values of contributions of non-exhaust traffic emission calculated for the pairs: HWK vs UBK and CRZ vs. UBZ can be seen that clearly larger are contributions to PM concentration and a concentration of the majority of PM2.5-10 and PM10-100-bound elements for the traffic site in Zabrze, in other words for a large crossroads. At this location, the percentage increase of PM10-100 was 600%, and PM2.5-10 was 139%. It means that the concentrations of these particles suspended in the air at the crossroads were 6 and 1.5 times higher, respectively, than at the urban background site. For the HWK-UBK pair, the values of the contribution of emission from road traffic to PM concentration were definitely lower than for the CRZ-UBZ pair and were respectively equal 58% for PM10-100 and 25% for PM2.5-10. The difference between the impact of road traffic at both locations is directly related to the fact that at the CRZ location PM and PM-bound elements concentrations were definitely higher than at the HWK location. CRZ is a large and heavy traffic crossroads of five large streets, which are congested for most of the day; in addition, there is a tram line running alongside it. One of the crossing roads is the access road to a large shopping center. All this results in the fact that the PM generated by road traffic in this site is practically "trapped" in the vicinity of the crossroads and its relocation over greater distances is difficult. It should also be pointed out that in studies of the contributions of roads traffic to concentrations of PM2.5 and PM10 carried out in 2004-2006 at this crossroads, very high periodic concentrations of coarse PM2.5-10 dust were noted [20, 21] . On the other hand, in studies carried out in 2006 at the highway in Katowice, very similar mean values of ∆Cpfi (48.8% for PM2.5 and 52.9% for PM10) were obtained in a completely different averaging period (apart from the summer period, examined were conducted also in April, May and December) [24] . According to Table 2, in both measurement locations, i.e. both at the crossroads in Zabrze and at the roadside of highway in Katowice, the values of contributions of road traffic to the concentration of PM-bound elements were determined by various, both positive and negative, values. The share of contributions larger than 100%, i.e. those which indicate the increase in concentrations of elements due to the impact of road traffic emission, were respectively: 6.5% ∆CHWKPM10-100, 0% ∆CHWKPM2.5-10, 46%∆CCRZPM10-100, 50% ∆CCRZPM2.5-10. Therefore, it is not possible to unambiguously determine one approximate value of ∆Cpfi for one element, group of elements or even PM fraction. Nevertheless, the data presented in Table 2 show that for both analyzed pairs (HWK vs. UBK and CRZ vs. UBZ) higher values of contributions of non-exhaust traffic emission to concentrations of PM10-100 and to concentrations of most of PM10-100-bound elements are higher than to concentrations of PM2.5-10 and concentrations of elements associated with this fraction. The highest percentage increases in PM-bound elements concentrations were calculated for: lead, iron, scandium, silicon and copper related to the PM10-100 fraction at the traffic site in Zabrze. The concentrations of these elements were 71, 25, 22, 12 and 7 times higher, respectively, at the traffic site than the concentrations of these elements associated with PM10-100 in the urban location. The highest percentage increas in PM2.5-10 concentrations caused by emission from road traffic were reported for vanadium, copper, iron, cobalt and reached 462%, 311%, 276% and 264% respectively. The contributions to concentrations of elements associated with PM10-100 for a pair of HWK vs. UBK were the highest for zinc, molybdenum, scandium and iron and reached values in the range of 57-144% and for PM2.5-10-bound elements the highest values within the limits of 25-69% were recorded for molybdenum, copper, iron, barium and zinc. Among the listed elements, iron, copper and scandium are elements which repeated in both analyzed pairs of locations and for both PM fractions. The occurrence of these elements in the atmospheric air can be associated with the impact of traffic emissions, specifically with the abrasion of tires and road surfaces (asphalt, paint, etc.) resulting from traffic [8] [9] [10] [11] 18] , the combustion of fuels and their compounds [5, 6, 10] or the abrasion of brake blocks and pads [8] [9] [10] [11] 18] .
In Table 3 , the elements associated with the PM2.5-10 and PM10-100 were collated into five intervals. Each of them represents the range of values of the percentage contributions of individual elements in PM mass. Analyzing the percentage share of particular elements in PM mass at HWK and CRZ traffic sites, a significant share in the mass of coarse PM, mainly so-called crustal elements, i.e. aluminum, silicon and titanium, but also other components, among others scandium, titanium, iron and lead may be noticed. The crustal ingredients not only mainly come from a mixture of road and soil dust which is raised from the surface and carried in the vicinity of roads and crossroads during the movement of vehicles and pedestrians, but they are also due to the impact of wind. Due to the fact that both soil in cities and dust from non-exhaust sources are contaminated with various elements, their increased amount at roads and crossroads affects the occurrence of the entire spectrum of elements in the coarse PM. Therefore, the elemental profiles of the coarse dust at traffic sites and urban background sites are significantly different (Table 3) . 
Conclusions
The affected road traffic emission sites, for which data on PM concentrations and chemical composition of coarse PM were used in this paper, are located in the centers of large cities. One location represents one of the main streets in Poland (highway) with very high traffic, and the other is a typical street canyon [24] [25] [26] [27] . The results of analyses showed a direct and strong impact of road traffic emission on the concentrations and chemical composition of the coarse PM in both of these locations. However, it has been proven that road traffic shapes the concentrations and chemical composition of the very coarse dust as PM10-100 is much stronger than the concentrations and chemical composition of coarse dust belonging to the PM2.5-10 fraction. It was also shown that the impact of road traffic on the concentration and chemical composition of both coarse PM fractions is generally stronger in the case of a street canyon (a large crossroads in the city) than at a highway. The obtained percentage increases of coarse PM concentration and PM-bound elements concentrations can be considered as kinda of indicators of the quantitative impact of nonexhaust traffic emission on the chemical parameters of an urban aerosol in a region with a high emission level, of which Upper Silesia is a good example [4, 21, 22, 25, 26, 29] . A measurable effect of this paper is the element profiles of coarse PM that can represent street/road dust in the city. These profiles have been established for both the locations in the vicinity of the road and crossroads as well as at locations distant from road traffic sources (urban background). Such data is an important source of information in modeling PM source apportionment in various urban areas.
